The guidelines for chronic obstructive pulmonary disease (COPD) treatment are important for the management of the disease. However, studies regarding the treatment adherence to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines have been scarce in Korea. Therefore, to examine the adherence to the GOLD guidelines, we examined the patterns of prescribed medication in COPD patients from 2011 to 2018. Patients were classified as having been appropriately and inappropriately treated (overtreatment or undertreatment) for the GOLD group. Appropriate medical therapy was defined as using the first choice or alternative choice drug recommended in the GOLD guidelines. Inappropriate therapy was classified as overtreatment or undertreatment in accordance with the categorization in the GOLD guidelines. According to treatment of 2011 GOLD guidelines, there was inappropriate treatment in 52.3% in group A, 47.3% in group B, 56.3% in group C, and 17.8% in group D. According to treatment of 2017 GOLD guidelines, there was inappropriate treatment in 66.7% in group A, 45.3% in group B, 14.3% in group C, and 24.0% in group D. The common type of inappropriate COPD treatment is overtreatment, with inhaled corticosteroid (ICS) containing regimens. In conclusions, adherence to the GOLD guideline by the pulmonologist in clinical practice is still low in Korea. Therefore, we need better strategies to both optimize the use of the guidelines and adhere to the guidelines as well.
INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is a major cause of chronic morbidity and mortality throughout the world. 1 Several guidelines had been presented globally, among them the Global initiative for chronic obstructive lung disease (GOLD) guidelines is the most widely used and trusted clinical practice in the world. In the GOLD guidelines announced in 2011, patients with COPD were classified into 4 groups based on spirometric abnormality, exacerbation risk, and patient symptoms evaluated by COPD assessment test (CAT) or modified medical research council (mMRC). In 2017, new GOLD guidelines were classified into 4 groups based on the risk of exacerbations and patient's symptoms, with the exception of spirometric grading. 1 The treatment protocols of GOLD guidelines recommended with 1 st and alternative choice drugs based on each group. 2 Appropriate treatment may reduce symptoms and the rate of exacerbations, thereby improving the quality of life, physical activity, as well as prolonging survival. 1 GOLD guidelines are useful for the standardization of COPD pharmacological treatment. However, COPD treatment has not always been prescribed by pulmonologists according to GOLD guidelines. Turan et al. 3 reported that the most common type of inappropriate COPD treatment is overtreatment, generally with inhaled corticosteroid (ICS). Some studies showed that 40-60% of patients had received appropriate treatment according to the GOLD guidelines. [3] [4] [5] [6] The Korean COPD Subtype Study (KOCOSS) cohort was a large cohort which enrolled COPD patients from pulmonologists at 45 hospitals in South Korea. 7 This cohort has registered patients since 2011, and patients continue to register to this day. In the change of treatment paradigms for COPD, an understanding of how treatment practice by the pulmonologists in Korea continue to evolve is value in gauging the impact of treatment guidelines. However, studies regarding the treatment adherence to the GOLD guidelines have been scarce in Korea. Therefore, to examine the adherence to the GOLD guidelines, we examined the patterns of prescribed medication in Korean COPD patients from 2011 to 2018 using a KOCOSS cohort.
MATERIALS AND METHODS

Study subjects
All patients were selected from the KOCOSS cohort, which prospectively recruited patients from 45 referral hospitals in Korea between December 2011 and January 2018. Inclusion criteria were diagnosis of COPD by a pulmonologist, age ≥40 years, symptoms including cough, sputum, dyspnea, and post-bronchodilator forced expiratory volume in one second (FEV1)/forced vital capacity (FVC) of 70% less than normal predicted value. The medical history at the first visit included frequency and severity of exacerbations in the previous 12 months, smoking status, medications including those already prescribed for COPD, and comorbidities. The mMRC dyspnea score and CAT were collected. A 6-minute walk distance (6MWD) test was also performed. All of the data was reported using case-report forms (CRFs) completed by physicians or trained nurses, and patients were to be evaluated at regular 6-month intervals after the initial examination. Major exclusion criteria were asthma, other obstructive lung diseases including bronchiectasis, tuberculosis destroyed lung, inability to complete pulmonary function test, myocardial infarction or cerebrovascular events within the previous 3 months, pregnancy, rheumatoid disease, malignancy, irritable bowel disease, and steroid use for conditions other than COPD exacerbation within the 8 weeks before enrollment. Exacerbations were defined as worsening of any respiratory symptom, such as increased sputum volume, purulence, or increased dyspnea, which required treatment with systemic corticosteroids, antibiotics, or both.
The patients who enrolled the KOCCOS cohort before 2017 were assigned a GOLD categorization of A, B, C or D based on 2011 guidelines. The patients who enrolled in the KOCCOS cohort after 2017 were assigned GOLD categorization based on 2017 guidelines.
The study protocol was approved by the Institutional Review Board of the Chonnam National University Hospital (CNUH 2012-070).
Adherence to the GOLD guidelines
Patients were classified as appropriately treated or inappropriately treated (overtreatment or undertreatment) for the GOLD group. Appropriate medical therapy was defined as using the first-drug choice or the alternative choice recommended in the GOLD guidelines. Inappropriate therapy was classified as overtreatment or undertreatment in accordance with the categorization in the GOLD guidelines (Table 1) . [1] [2] [3] Undertreatment in accordance with 2011 GOLD guideline was defined as treatment with: -Group A: no inhaler -Group B: only short-acting bronchodilator Table 2 shows the baseline characteristics of the COPD patients for assessment of adherence to the GOLD guidelines. Among the 1818 patients with COPD, 1411 were selected from the KOCCOS cohort before 2017 and 407 were selected from the KOCCOS cohort after 2017. There was no difference in the mean age, sex and smoking status between the two patient groups. Their mean age was 69.2±7.9 and 68.7±8.3 years, respectively. Most of them were male (91.8%, 94.5%, respectively). The mean FEV1 value was significantly lower in patients with enrollment before 2017 than patients with enrollment after 2017 (59.9±18.9% predicted vs. 65.5±19.3% predicted, respectively, p<0.0001). The mean mMRC scores and CAT scores were worse in patients with enrollment before 2017. Exacerbation history was more prevalent in patients with enrollment before 2017 (26.0% vs. 13.0%, respectively, p<0.0001). The most common comorbidities were hypertension and diabetes, which were independent of the timing of enrollment.
RESULTS
Baseline patients characteristics
For patients enrolled after 2017 as compared to patients enrolled before 2017, the proportion of patients with group A and B increased while the group C and D decreased. Combinations of ICS, LABA and LAMA were the most common inhalers in patients with COPD before enrolled 2017. However, combinations of LABA and LAMA were the most common bronchodilators in patients with enrollment after 2017 ( Table 3 ). The use of ICS containing regimens was reduced in patients enrolled after 2017 (43.9% vs. 32.6%).
Adherence to the GOLD 2011 Guidelines
When patients were classified according to the treatment guidelines, 61.5% of the patients were in the appropriately treated group (Table 4) . There was no difference in mean age, sex, and smoking status between the appropriately treated patients and inappropriately treated patients. Appropriately treated patients had significantly lower post-bronchodilator FEV1 % (56.7±17.5 vs. 65.0± 20.0, p<0.001), higher mMRC (1.5±0.9 vs. 1.3±0.9, p<0.001) and CAT scores (15.7±7.7 vs. 14.5±8.2, p=0.007) and more exacerbation history (30.9% vs. 18.0%) compared to patients in the inappropriately treated group. According to treatment using the GOLD guidelines, there was inappropriate treatment in 52.3% in group A, 47.3% in group B, 56.3% in group C, and 17.8% in group D. Of these inappropriate prescriptions, 395 (72.7%) were overtreatment and 148 (27.3%) were undertreatment. The most commonly prescribed medicine in patients who were treated inappropriately was ICS containing regimens (Fig. 1). 
Adherence of GOLD 2017 Guidelines
According to the treatment by the GOLD guidelines, 49.6% of the patients were in the appropriately treated group (Table 5 ). Appropriately treated patients had significantly higher post-bronchodilator FEV1% (68.2±19.2 vs. 62.8±19.2, p=0.005), higher mMRC (1.4 vs. 1.2, p<0.001) and CAT scores (15.2 vs. 12.8, p<0.001) and more exacerbation history (16.7% vs. 9.4%) compared to patients in the inappropriately treated group. According to treatment using the GOLD guidelines, there was inappropriate treatment in 66.7% of group A, 45.3% of group B, 14.3% of group C, and 24.0% of group D. Of these inapproropiate prescriptions, 175 (85.4%)% were overtreatment and 30 (14.6%) were undertreatment. Of all those inappropriately treated, 45.5% received an ICS containing regimen and 37.5% LABA+LAMA in group A (Fig. 2 ).
DISCUSSION
Our result shows a low rate of adherence (61.5% for 2011, 49.6% for 2017 guideline) to GOLD guideline for treatment of COPD patients, which has also found similar results in several studies. [3] [4] [5] 8 White et al. 9 demonstrated that only 58.1% of patients had received appropriate treatment according to GOLD guidelines. A Turkish study showed that only 40.4% of COPD patients received GOLD guidelineconcordant treatments. 3 In previous studies, the researchers suggested that preference of devices, inadequate symptom evaluation, carelessness of pulmonologists, and hopes for steroid effectiveness were associated with low adherence to the GOLD guidelines. 3, 6, 9 The GOLD guidelines are the most widely used medical guidelines for diagnosis and treatment of COPD in the world. The 2017 GOLD guidelines are classified into 4 groups based on risk of exacerbations and patient's symptoms, except for spirometric grading.
1 Therefore, some of the patients who were in GOLD groups C and D in the 2011 GOLD guideline were reclassified to GOLD groups A and B in the 2017 GOLD guidelines. Patients whose groups were changed had to change treatment regimens. Appropriate treatment can reduce symptoms and the rate of exacerbations, thereby improving quality of life, physical activity, as well as prolonging survival. Therefore, it is necessary to identify the adherence to guidelines. To our knowledge, this is the first study of the adherence to the guidelines in Korea.
In our study, the adherence to the 2017 GOLD guidelines was 49.6%. This was lower than adherence to the 2011 GOLD guidelines. This may be due to the fact that guidelines for the treatment of COPD in Korea still use postbronchodilator FEV1 as a basis for classifying patients into groups. 10 In the Korean COPD guidelines, if FEV1 is less than 60%, it is recommended that treatment correspond to GOLD group D. Therefore, the two guidelines could be mixed and used in real practice. Another reason may be that there are still patients who are treated in a manner consistent with the 2011 GOLD guidelines. In our analysis, among the patients who changed from D to B in the 2017 GOLD guidelines, 54.1% received treatment with consistent 2011 GOLD guidelines.
In our study, patients who had high FEV1, less symptoms and a low incidence of exacerbation history were treated inappropriately based on the 2011 GOLD guidelines. A Turkish study showed that, according to the spirometric classification, there was inappropriate treatment in 95.6% in stage I, 69.7% in stage II, 4.9% in stage III, and 14.3% in stage IV. Of these inappropriate prescriptions, 96.2% were overtreatment. 3 Patients who were inappropriately treated based on the 2017 GOLD guidelines had a lower history of exacerbation and fewer symptoms, but had a lower FEV1 unlike the patients who received treatment inconsistent 2011 GOLD guidelines.
Our study shows that there was inappropriate treatment in 52.3% of group A, 47.3% of group B, 56.3% of group C, and 17.8% of group D, which has also been reported in other studies. 3, 6, 8, 9 Turan et al. 3 demonstrated that 64% of patients in group A, 70% in group B, and 53% in group C were using unsuitable treatment for COPD. Another study showed that patients in groups B and C were most often treated inappropriately within the GOLD guidelines. 8 In most studies, including our study, the GOLD group D most commonly received treatment consistent with the GOLD guidelines. 3, 6, 8, 9 These results suggested that the complexity of GOLD assessment could influence the outcomes of previous studies. In addition, the GOLD guidelines are not recommend for ICS containing regimens for GOLD group A and B, one of the most commonly prescribed medicines in patients with COPD.
Patients registered after 2017 increased the combined use of LABA and LAMA and ICS, LABA and LAMA, and decreased the combined use of ICS and LABA concurrently, compared with patients enrolled before 2017. This change is because the combination of LABA and LAMA is effective in improving lung function, symptoms, and quality of life and reducing exacerbation compared to LAMA 11 or a combination of ICS and LABA. 12 ICS has several side effects, among them is an increased incidence of pneumonia which is the most important side effect in patients with COPD. It was also known that the incidence of osteoporosis, cataracts, and diabetes increased as well. Nevertheless, a prescription containing ICS regimens was most inappropriately prescribed relative to the GOLD guidelines in patients with COPD. In our study, inappropriately prescribed drugs in the GOLD guidelines were generally ICS containing regimens. Of the patients who were improperly treated based on the 2011 GOLD guidelines, 45.6% of Group A and 69.8% of Group B received a prescription containing ICS. In the cases of patients with treatment inconsistent with 2017 GOLD guidelines, 45.5% of Group A and 62.8% of Group B were prescribed ICS containing regimens. In several studies, 3, [13] [14] [15] ICS was the most common medication to receive treatment inconsistent with the GOLD guidelines. For these possible reasons, there have been reports that combination therapy with ICS and LABA improves symptoms and reduces acute exacerbations and improves quality of life in patients with COPD [13] [14] [15] and that ICS has been frequently prescribed at every stage of COPD. 16, 17 There have also been several studies in which ICS has been shown to be effective in the treatment of blood eosinophilia 18, 19 and asthma COPD overlap. 20 There are some limitations in our study. First, patients who registered after 2017 had more GOLD group A members than other cohort studies. Second, patients who started treatment before 2017 were still being treated with the 2011 guidelines, even though the guidelines were revised in 2017. These patients may have affected the adherence to the GOLD guidelines. Finally, there was no data on the cause of the prescription for ICS-containing regimens in this study.
In conclusion, our study demonstrates that adherence to the GOLD guidelines by pulmonologists in clinical practice is still low. ICS containing regimens are the most commonly received medication in patients inconsistent with the GOLD guidelines. Therefore, we need a better strategy to optimize the use of these guidelines and increase adherence to the guidelines.
